
 
 

i 
 

EFFECT OF AIR INTAKE AND EXHAUST SYSTEM ON THE 

PERFORMANCE OF A BIOMASS COOK STOVE 

 

 

 

by 

MD. TAREK UR RAHMAN ERIN 

 

 

 

 

 

 
A PROJECT REPORT 

SUBMITTED TO THE DEPARTMENT OF MECHANICAL ENGINEERING 

BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY (BUET) 

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE OF 

MASTER OF ENGINEERING IN MECHANICAL ENGINEERING 

 

 

 

 

 
 

 

 

BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY (BUET) 

May 2018 



ii 
 

The project titled “EFFECT OF AIR INTAKE AND EXHAUST SYSTEM ON 

THE PERFORMANCE OF A BIOMASS COOK STOVE” submitted by Md. 

Tarek Ur Rahman Erin, Roll No.:0413102103, Session: April 2013, has been 

accepted as satisfactory in partial fulfillment of requirement for the degree of Master 

of Engineering in Mechanical Engineering on May 12, 2018. 
 

 
 

 

 
Dr. A. K. M. Monjur Morshed 
Associate Professor  
Department of Mechanical Engineering 
BUET, Dhaka-1000 

 
Chairman (Supervisor) 

 
 

 

 
 
Dr. Mohammad Ali 
Professor 
Department of Mechanical Engineering 
BUET, Dhaka-1000 

 
 

Member 

 
 

 

 
 
 

 

 

Dr. Mohammad Nasim Hasan 
Associate Professor  
Department of Mechanical Engineering 
BUET, Dhaka-1000 

Member 
 

 

 

 



iii 
 

CANDIDATE’S DECLERATION 

It is hereby declared that this thesis or any part of it has not been submitted 

elsewhere for the award of any degree or diploma. 

 

 

  

 

May, 2018 

 

Md. Tarek Ur Rahman Erin 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  



 
 

iv 
 

Acknowledgements 
 

The author would like to express his deep gratitude and indebtedness to his supervisor 

Dr. A. K. M. Monjur Morshed, Associate Professor, Department of Mechanical 

Engineering, Bangladesh University of Engineering and Technology (BUET), for his 

continuous inspirations, great interest, constructive criticism, super guidance, remarkable 

advice and invaluable supports during this research. The author would also like to thank 

him for his careful reading and correction of this thesis.  

 

Very special thanks are due for all the teachers of the Department of Mechanical 

Engineering, BUET for their help to the author during the whole period of his M.Engg. 

course. 

 

The author is also indebted to all staffs of the Heat Engine lab of Department of 

Mechanical Engineering, BUET, for their cordial help and assistance. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

v 
 

Abstract 
 

 The aims of this project include the design and evaluation of biomass cook stove 

capable of improving the combustion processes in traditional stove designs. This 

includes improvement concepts of the design, construction and evaluation of the cook 

stove. The chimney height and the opening of the air intake port of traditional stoves was 

identified as the cause of combustion inefficiencies and major health concern and 

became the focus of the project. Previous studies of Stone and Shelton (2007) mostly 

dealt with different chimney height. Therefore, present thesis aims to focus following 

unexplored but important points concerning both chimney height and air intake port 

opening to evaluate their effect on biomass cook stove. In addition, the designs will 

focus on improving the fuel efficiency, thermal efficiency and the health issues. This will 

be approached in the following ways: 

 

To accomplish the goals, at first, an improved cook stove is constructed based on 

the design from the literature. Secondly, chimney height and percentage opening of the 

air intake port had varied to assess and compare indicators of improved stove 

performance. Next, an experimental set up is constructed to evaluate biomass cook stove 

of different chimney height and percentage opening of the air intake port. Experimental 

observations are explained in terms of mathematical predictions. Finally, all the values of 

experimental data and calculated data of the biomass cook stove is compared in order to 

observe the effect of different chimney height and percentage opening of the air intake 

port. 

 

The experimental procedure developed to evaluate the behavior of biomass cook 

stove with the chimney have been achieved a fairly good process. Specific fuel 

consumption, fuel burn rate, fire power and thermal efficiency values obtained through 

the experimental test results are useful for selecting the effective height of the chimney 

and percentage opening of the air intake port on the biomass cook stove. The developed 

biomass cook stove can be implemented to optimize the performance of the cook stove 

and reduce the amount of harmful emissions. So this study may be of great use to 

optimize cook stoves performance. The results of the research can be used to modify the 

intake and exhaust port size to optimize the performance of the existing cook stove. 



 
 

vi 
 

TABLE OF CONTENTS 

 
Chapter 1 Introduction 1 

1.1 Background and Present state of the Problem 2 

1.2 Design Principles for Wood Burning Cook Stoves 3 

1.3 Research Goals 5 

1.4 Scope of the Present Study 5 

   

Chapter 2 Literature review 6 

   

Chapter 3 Design of the Biomass Cook Stove 10 

3.1 Design Criteria of Biomass Cook Stove 11 

3.2 Design Analysis and Calculations 11 

3.3 Materials Selection 12 

3.4 Design Specifications of Biomass Cook Stove 12 

3.5 Combustion Air Requirement 14 

3.6 Design of Combustion chamber 15 

3.7 Chimney Design 16 

3.8 Construction of Biomass Cook Stove 17 

  Page 

Title page  i 

Recommendation of the board of examiners  ii 

Certificate of research  iii 

Candidate’s Declaration  iv 

Acknowledgement  v 

Abstract  vi 

Table of contents  vii 

List of Figures  ix 

List of Tables  xi 

List of Symbols and Abbreviations  xii 



 
 

vii 
 

Chapter 4 Performance Tests of Cook Stove 18 

4.1 Performance Test of Cook Stove 19 

4.2 Water Boiling Test (WBT) 20 

4.2.1 Variables for High Power Phase (Cold Start) 21 

4.2.2 Variables for High Power Phase (Hot Start) 22 

4.2.3 Variables for Low Power Phase (Simmering) 24 

4.3 Flue gas Analysis 26 

4.4 Standard Safety Test (SST) 27 

4.5 Determining the Moisture Content of Wood 28 

   

Chapter 5 Results and Discussions 30 

5.1 Performance of the Biomass Cook Stove for Different 

Chimney Height 

31 

5.2 Draft Generated for Different Chimney Height 35 

5.3 Theoretical Air Requirements for Combustion of wood 36 

5.4 Performance of the Biomass Cook Stove for Different Air 

Intake Port Opening 

37 

5.5 Flue Gas Properties of the Biomass Cook Stove for Different 

Chimney Height 

40 

5.6 Flue Gas Properties of the Biomass Cook Stove for Different 

Percentage of Air Intake Port Opening 

43 

5.7 Standard Safety Test (SST) 47 

   

Chapter 6 Conclusions & Recommendations 48 

6.1 Conclusions 49 

6.2 Recommendations 51 

   

References  52 

   

APPENDIX – A Sample Data 55 

APPENDIX – B Sample Calculations 60 

 



 
 

viii 
 

List of Figures 
 

Figure  Page 

Figure 3.1 Orthographic and Isometric view of cook stove constructed 

for laboratory performance (All dimensions in centimeters) 

13 

Figure 3.2 Schematic diagram of cook stove constructed for laboratory 

performance (All dimensions in centimeters) 

14 

Figure 3.3 Construction of Biomass Cook Stove 17 

Figure 4.1 Temperature during the three phases of the water boiling test 20 

Figure 4.2 Flue gas & emissions analyzer 26 

Figure 4.3 Determining the moisture content of wood 28 

Figure 5.1 Thermal Efficiency of Biomass Cook Stove for Different 

Chimney Height  

32 

Figure 5.2 Burning Rate of Biomass Cook Stove for Different Chimney 

Height 

32 

Figure 5.3 Specific Fuel Consumption of Biomass Cook Stove for 

Different Chimney Height 

33 

Figure 5.4 Fire Power of Biomass Cook Stove for Different Chimney 

Height 

33 

Figure 5.5 Thermal Efficiency of Biomass Cook Stove for Different 

Chimney Height 

34 

Figure 5.6 Specific Fuel Consumption of Biomass Cook Stove for 

Different Chimney Height 

34 

Figure 5.7 Draft Generated of Biomass Cook Stove for Different 

Chimney Height 

35 

Figure 5.8 Thermal Efficiency of Biomass Cook Stove for Different Air 

Intake Port opening 

38 

Figure 5.9 Burning Rate of Biomass Cook Stove for Variation in Air 

Intake Port Opening 

38 

Figure 5.10 Specific Fuel Consumption of Biomass Cook Stove for 

Different Air Intake Port Opening 

 

39 



 
 

ix 
 

Figure  Page 

Figure 5.11 Fire Power of Biomass Cook Stove for Different Air Intake 

Port Opening 

 

39 

Figure 5.12 Percentage of O2 of Flue Gas for Different Chimney Height 41 

Figure 5.13 CO (ppm) of Flue Gas for Different Chimney Height 41 

Figure 5.14 Flue Gas Temperature (ᵒC) for Different Chimney Height 42 

Figure 5.15 Radiation Heat Loss of Biomass Cook Stove for Different 

Chimney Height 

42 

Figure 5.16 Flue Gas Temperature of Biomass Cook Stove for Different 

Air Intake Port Opening 

44 

Figure 5.17 Percentage of O2 of Biomass Cook Stove for Different Air 

Intake Port Opening 

44 

Figure 5.18 CO (ppm) Curve of Flue Gas for Different Air Intake Port 

Opening 

45 

Figure 5.19 Thermal efficiency of Biomass Cook Stove for Different 

Flue Gas Temperature 

45 

Figure 5.20 Radiation heat loss of Biomass Cook Stove for Variation in 

Air Intake Port Opening 

46 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

x 
 

List of Tables 

 
Table  Page  

3.1 Mass analysis of a typical fuel wood 14 

5.1 Set of performance data for different chimney height 31 

5.2 Draft generated for different chimney height 35 

5.3 Typical excess air and the resulting oxygen content in the flue gas 36 

5.4 Performance data for different air intake port opening 37 

5.5 Flue gas properties for different chimney height 40 

5.6 Flue Gas Properties for Different Air Intake Port Opening (Chimney 

Height =80 Cm) 

43 

5.7 Safety test of biomass cook stove 47 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

xi 
 

List of Symbols & Abbreviations 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

HHV  = Gross calorific value (dry wood) (kJ/kg) 

LHV  = Net calorific value (dry wood) (kJ/kg) 

MC  = Wood moisture content (% - wet basis) 

EHV  = Effective calorific value (accounting for 

moisture content of wood) 

LHVchar = Net calorific value of char (kJ/kg) 

mP = Dry mass of empty pot (grams) 

K  = Weight of empty container for char 

(grams) 

Ta  = Ambient Temperature (°C) 

Tb  = Local boiling point of water (°C) 



 
 

1 
 

 

 
 
 

 
 

Chapter 1 
Introduction 

 
 
 
 

 

 



 
 

2 
 

1.1 Background and Present State of the Problem 

Energy plays a vital role in our daily lives. Almost all of our daily activities 

depends on the energy consumption [1] either directly or indirectly. One of the major and 

most common form of energy consumption is cooking [2]. For cooking purpose, we use 

energy in different forms, i.e. natural gas, kerosene, LPG, electricity, biomass, coal, etc. 

Among all these sources, biomass is one the primitive and widely used energy sources 

for cooking in households, especially in rural areas in many countries around the world 

[3]. About 2.6 billion people of the world depends on this fuel and almost half of the 

domestic energy use in many countries and 95% in poor countries use biomass fuel [4] 

for cooking. Energy savings in this sector will have a significant impact on the welfare of 

the society as well as on the environment. Although developed countries tend to 

exchange use of biomass fuel to cleaner fuel sources, the reality shows that the use of 

biomass fuels in developing countries is increasing [5-6].  

Biomass stove is a tool used to convert the energy contained in the biomass fuel 

into heat through the combustion process. Fire and heat which is generated from the 

combustion process of biomass in the stove are used for cooking [7]. The physical 

structure of the stove serves to retain and then direct the heat generated from the 

combustion process to the cooking pot as the target [8]. There are many disadvantages 

with the traditional stove that are widely used. Cooking with traditional biomass stoves 

usually produces toxin emissions. Toxic emissions include particulate matter (PM) and 

carbon monoxide (CO). Furthermore, cooking often takes place in poorly ventilated huts 

on open fires or on inefficient stoves; this produces alarmingly high concentrations of 

indoor air pollution. This pollution is immensely dangerous to those who spend time 

cooking. As a result, women and young children have an increased risk of acute 

respiratory infections and lung cancer.  

These weaknesses are a challenge for engineers to design a better biomass stove 

[9]. Two main aspects are important for a better biomass stove design, i.e. energy 

savings and indoor air pollution [10]. The energy savings in a stove can be measured 

based on the value of its thermal efficiency. The thermal efficiency is influenced by the 

fuel combustion process. Airflow, turbulence and temperature of the stoves are important 

factors that greatly affect the combustion process [11]. Control of the amount and rate of 

air supply to the combustion chamber and the chimney height is the important factor to 
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create a better combustion process. The development of biomass cook stove starts from 

the three stone design of prehistoric time [12]. Economic, environmental and health 

factors are the main issues that motivate the development of the improved biomass cook 

stove [13-14]. Two different types of improved cook stove design have been found in the 

literature: (i) Direct combustion; (ii) Gasification Cook stoves. Gasification cook stove is 

considered as the clean cook stove but requires efficient engineering design [15]. Design 

of the cook stoves requires knowledge of the combustion process, types of fuel, size of 

the fuel, cooking behavior and mass of the stoves. Several researchers have deigned 

improved biomass cook stoves; efficiency of the new designs varies significantly from 

12% to 35%. Performance, longevity and costs of the stoves are a trade-off; costly design 

may make the stove efficient and at the same time inaccessible to the poor people. Air 

intake and exhaust port size have an enormous effect on the performance of the biomass 

cook stove. In the present research, efforts have made to optimize the intake and exhaust 

port size of the biomass cook stove for its optimized performance.  

 

1.2 Design Principles for Wood Burning Cook Stoves 

Dr. Larry Winiarski introduced ten design principles to construct improved cook 

stoves [16]. Winiarski‟s design approach combines both clean burning and optimized 

heat transfer characteristics. The phenomenon of designing an improved cook stove are 

such as: 

1. Insulating the combustion chamber using lightweight, heat-resistant materials. 

Insulation around the combustion chamber helps to keep temperature high.  

2. Creating sufficient draft using insulated chimney right above the fire. An 

insulated chimney creates a lot more draft than an uninsulated chimney. High velocity, 

low volume jets of hot air entering under the fire, up though the coals create mixing 

which reduces emissions.  

3. Heat and burn the tips of the sticks as they enter the fire. If only the wood that 

is burning is hot there will be much less smoke. Try to keep the rest of the stick cold 

enough that it does not smolder and make smoke. The goal is to make the proper amount 

of gas so that it can be cleanly burned without making charcoal or smoke. 
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4. High and low heat are created by how many sticks are pushed into the fire. 

Adjust the amount of gas made and fire created to suit the cooking task. 

5. Maintain a good fast draft through the burning fuel. Just as blowing on a fire 

and charcoal can make it hotter, having the proper amount of draft will help to keep high 

temperatures in your stove.  

6. Too little draft being pulled into the fire will result in smoke and excess 

charcoal. But too much air just cools the fire and is not helpful. Smaller openings into the 

fire help to reduce excess air. Improving heat transfer to the pot or griddle is the most 

important factor that will reduce fuel use in a cooking stove. Improving combustion 

efficiency reduces pollution but is less important when trying to save firewood. 

7. The opening into the fire, the size of the spaces within the stove through which 

hot air flows, and the chimney should all be about the same size. This is called 

maintaining constant cross sectional area, and helps to keep good draft throughout the 

stove. Good draft not only keeps the fire hot; it is also essential so that the hot air created 

by the fire can effectively transfer its heat into the pot. 

8. Use a grate under the fire. Do not put the sticks on the floor of the combustion 

chamber. Air needs to pass under the burning sticks, up through the charcoal, and into 

the fire. A shelf in the stove opening also lifts up sticks so air can pass underneath them. 

9. Insulate the heat flow path. 

10. Maximize heat transfer to the pot with properly sized gaps. If the gap is too 

large the hot flue gases mostly stay in the middle of the channel and do not pass their 

heat to the desired cooking surface. If the gaps are too small, the draft diminishes, 

causing the fire to be cooler, the emissions to go up, and less heat to enter the pot. 

Complete combustion is the goal of the combustion chamber. Nearly complete 

combustion will be achieved by following these principles. 
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1.3 Research Goals 

The primary goal of this project is to optimize the performance of the cook stove 

and reduce the amount of harmful emissions produced by traditional stoves. In addition, 

the designs will focus on improving the fuel efficiency and the health issues. This will be 

approached in three ways which include construction of an improved cook stove, varying 

the chimney height and inlet air openings port and testing the cook stove performance on 

the basis of air intake port and the chimney height.  

1.4 Scope of the Thesis 

The study presented in this dissertation has addressed the effect of air intake and 

exhaust system on the performance of biomass cook stove. The dissertation has been 

organized as follows: 

In chapter 2, a detail literature review has been presented for a better conception 

in previous studies regarding evaluation of biomass cook stove performance that was 

carried out to investigate the behavior of chimney height and air intake port opening by 

different researchers across the globe. 

In chapter 3, an overview of the biomass cook stove is presented with the 

specification and detailed drawing. Experimental observations are explained in terms of 

mathematical predictions. 

In chapter 4, formulation of the water boiling test, flue gas analysis and safety 

test with detail procedures that has been employed during this research work has been 

outlined. 

In chapter 5, the effect of chimney height and air intake port opening on biomass 

cook stove has been investigated. All the values of experimental data and calculated data 

of the biomass cook stove is compared in order to observe the effect of different chimney 

height and percentage opening of the air intake port.  

Finally, conclusions and recommendation for future work is discussed in chapter 

6. 
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Cook stove as three stone design exists from the prehistoric time. The traditional 

cook stoves that are available in the community is not designed based on the engineering 

calculation rather they are developed based on traditional knowledge, experience and 

access to the manufacturing materials. The traditional cook stoves in most of the cases 

are inefficient and produce health hazardous gases which motivates the development of 

the wood fired cook stoves in a more engineering way [17]. Several researcher‟s have 

contributed in the last few decades for the development of the efficient biomass cook 

stoves. 

The Kilakala stove, a mud stove built using locally available materials and 

developed at the Sokoine University, Tanzania, has a fuel saving capacity of 30%. One 

of the major disadvantages of the stove was that it did not provide sufficient illumination 

[18]. The Kenya Ceramic Jiko (KCJ), one of the most successful urban stove projects in 

the Eastern African region, which is disseminated throughout Kenya [19] is reported to 

have a useful heat of about 25-40 % of the heat generated, which represents a significant 

increase from an open fire that directs only about 5-10% of the heat generated from the 

fire to the cooking pot. The Angethi stove [20] used for charcoal and char briquettes and 

fabricated with galvanized iron bucket, mud/concrete, and grate has a thermal efficiency 

of 17.5%.  

However, in these various developmental efforts, the level of achievement of 

some of the objectives still leaves a lot of room for improvement. Biomass stove 

improvement research was initially conducted in developing countries around 1980 by 

researchers incorporated in NGOs. Winooski is the one who had introduced the basic 

principles of biomass stove improvement [20]. The improvement of the stove at that time 

was intended for fuel savings due to concerns about deforestation for household energy 

demand. Biomass stove improvement efforts are then also intended to improve health by 

reducing the impact of air pollution and the safety of biomass fuel uses that are in line 

with climate change prevention programs. 

Early stove research was done experimentally in several stages. The research 

stage was carried out using several standard methods that have been developed, either for 

laboratory test, such as Water Boiling Test (WBT), Combustion and Exhaust gas Test, or 

field test such as Control Cook Test (CCT), Kitchen Performance Test (KPT) and others 

[21]. Several field researches have also been conducted to understand how a stove can be 
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received and used continuously over a long period of time. Hundreds of stove 

implementation programs had been done in many country of the world and showed 

different sizes, scope and type of the stoves, as well as its technological design 

improvement, distribution and financial benefits. So far the research has been aimed at 

developing a new stove design form with priority to improve the production process, 

marketing techniques and financial incentives of the stove applied. 

The fluid flow is modeled on steady state and uses the steady flow formula and 

assumes that Winiarski has developed the concept of chimney uses in the early 1980s by 

creating a stove that create clean combustion and increase heat transfer efficiency [20].  

Placing a short chimney on the stove can increase the draught and reduce emissions. This 

concept has been used in many stove models. The Eindhoven Group has also used a 

chimney on a stove that produces a clearer combustion process [20]. The tests conducted 

by Stone and Shelton had shown the characteristics of the exhaust gas temperature at 

each chimney height [22]. 

Within developed regions, nearly every solid fuel combustion system that 

operates within an indoor environment includes a ventilation system to transport 

combustion products outside of the user envelope [23].  In under developed regions this 

feature has been met with resistance. Many end-users prioritize stove cost and fuel 

savings over indoor air quality, and chimneys are sometimes perceived to add cost to a 

stove without saving fuel [23]. Additionally, many poorly executed chimney stoves have 

led experts to hypothesize that chimney stoves introduce as many problems as they solve 

[24].  

However, several stove intervention studies have linked the introduction of 

chimneys with reduced levels of carbon monoxide and particulate matter [25].The results 

presented herein suggest that the chimney of a natural convection driven stove has the 

ability to change several important operating parameters including the air-to-fuel ratio, 

the average gas temperature, and the rate of carbon monoxide production; a chimney is 

indeed capable of being advantageous or deleterious to a stove system depending on 

design, implementation, and maintenance.  

Work has been performed by others in regard to numerical modeling of cook 

stoves [26], but to the authors' knowledge, this is the first investigation of the 
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implications to combustion characteristics presented by the draft of chimney cook stoves. 

In all aforementioned work, for the sake of simplicity only chimney height variation is 

considered. So there has to be study related to both chimney height and air intake port 

opening. Moreover, there should be focus on reducing the amount of harmful emissions 

produced by cook stoves. But all aforementioned literature survey shows no research on 

both performance evaluation and health factor. 

 

Summary: 

The present work, thus, seeks improvement on the existing designs by making the 

following design considerations: enhancing the combustion process by providing for 

means of introducing sufficient air for combustion, further reducing the amount of heat 

loss from the combustion chamber, reducing the amount of heat loss by radiation by a 

careful design of the pot seat, and reducing the level of pollution of the kitchen 

environment with smoke emissions by the design of the air intake port and by 

incorporating a chimney. 
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Chapter 3 

Design of the Biomass Cook Stove 
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3.1 Design Criteria of Biomass Cook Stove 

a. Easy to Fire 

The cook stove could at least be started easily by using little amount of kindling 

material. The fire should be developed as fast as possible and should be maintained 

within reasonable time period or must boil the water in the shortest possible time. 

b. Simple Design 

The design must easily be understood to attract possible users to use or produce 

it. 

c. Availability of materials to be used 

The device must be made of materials that are locally available. 

 

3.2 Design Analysis and Calculations 

The cook stove (Fig. 3.1) is circular in cross-section and generally consists of a 

combustion chamber, main body and chimney. The stove incorporates an L-shaped 

combustion chamber. The combustion chamber consists of a horizontal fuel magazine 

and vertical internal chimney. The base of the stove consists of a hole for loading fuel 

wood into the combustion chamber. The top of the stove consists of four refractory rings 

to accommodate different sizes of pot, and a chimney.  

The chimney is made of mild steel pipe and incorporated at the periphery of the 

top of the stove to convey smoke and other by-products of combustion out of the kitchen. 

The chimney also creates draft, accelerating combustions gases from the fire. These 

gases are then forced upward to the cook pot. The grate or fuel bed is at the base of the 

combustion chamber.  

The pot seat is designed such that the pot sinks to a depth below the top-most 

level of the stove. The diameter of the combustion chamber is such that it is smaller than 

the pot seat or the external diameter of the smallest pot that can be utilized on the stove. 

This is to ensure that the maximum amount of heat is transferred to the base of the pot 

before it proceeds to be ejected out through the chimney. The distance between the fuel 
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bed and the pot seat is also selected to allow for enough time for the complete 

combustion of the burning fuel particles before it strikes the base of the pot mounted on 

the pot seat. 

3.3 Materials Selection 

The materials used in the construction of the improved biomass cook stove were: 

20 centimeters diameter L-shaped cylinder (Mild steel), 40 cm diameter round bar 

(Stainless steel sheet). Tools and equipment used were: hacksaw, portable drill and drill 

bits, grinder, drill press, arc-welding machine and welding rods.  

3.4 Design Specifications of Biomass Cook Stove 

Based on the choice of a domestic-size stove, the following parameters were selected for 

the design:  

 Height of the combustion chamber, Lcc = 50 cm;  

 Radius of combustion chamber, r1 = 10 cm;  

 Radius of mild steel casing, r2 = 20 cm; 

 Height of stove base, Hsb = 40 cm;  

 Radius of chimney, rc = 3.5 cm; 

 Height of chimney, hc= 95 cm. 
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Figure 3.1: Orthographic and Isometric View of Cook Stove Constructed for Laboratory 

Performance (All Dimensions in Centimeters) 
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Figure 3.2: Schematic Diagram of Cook Stove Constructed for Laboratory Performance 

3.5 Combustion Air Requirement 

Following Ramakrishna (1992), a typical fuel wood has the following ultimate 

analysis by mass as shown in Table 3.1. 

Table 3.1: Mass analysis of a typical fuel wood. 

C H2 O2 N2 H2O Ash 

40.4% 4.2% 33.9% 0.3% 20% 0.2% 

 

The combustion analysis based on the above mass composition gives a stoichiometric 

Air/Fuel ratio, A/F = 4.6107 kg air/kg fuel. 

For an actual air supply which is 20% in excess of stoichiometry,  

Actual air/fuel ratio, A/Factual = 5.53284 kg air/kg fuel. 
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3.6 Design of Combustion chamber 

Following Tran and White (1992), the burning rate of a typical fuel wood based 

on mass loss rate is between 2.92 gm-2s-1 and 9.80 gm-2s-1.  

Assume, burning rate of wood, ṁ"=9.80 gm-2s-1. 

Assuming up to six layers of wood pieces each having a rectangular cross-section of 

dimensions 15 x 15 mm, the actual surface area of the wood pieces exposed to burning 

may be approximated to fourteen times the cross-sectional area of the combustion 

chamber. 

The mass of wood burned per second may then be expressed as, 

ṁ = 14 ṁ" a.   (1) 

Based on the maximum burning rate of the fuel wood then,  

ṁ = 14×9.8×πd1
2/4= 4.3103 gs-1. 

The actual air supply rate corresponding to the mass burning rate can also be expressed 

as, 

ṁair = A/Factual × ṁ 

= 5.53284 x 4.3103 x 10-3 

=2.38 x 10-2 kgs-1 air. 

This gives a volume rate of air supply based on air density of 1.23 kg.m-3, 

Vair = 1.9349 x 10-2 m3s-1. 

According to Parker et al. (1969), the area of air opening, Aair, is related to the volume 

flow rate, as Vair = 23.6Aair√h.     (2) 

This gives an area of air opening, 

Aair = 1.8333 x10-3 m2, 

For an air opening being circular in section with a radius, r1 = 10cm. 
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3.7 Chimney Design 

The design of the chimney is basically for the appropriate diameter of the 

chimney. In practice, the following inequality is used for the determination of the 

diameter of the chimney: 

ac ≤ 10Aair, 

Where, ac = cross-sectional area of chimney. 

Substituting for the area of side air opening in the inequality gives the diameter, dc, of 

the chimney as follows: 

ac ≤ 18.333 x10-3 m2 

dc ≤ 0.1527 m. 

Where, dc = diameter of chimney. 

In this project, we take chimney diameter of 7.5 cm. 
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3.8 Construction of Biomass Cook Stove 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3: Construction of Biomass Cook Stove 
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Chapter 4 
Performance Tests of Cook Stove 
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Performance of the designed biomass cook stove was evaluated from different 

viewpoints: emission reduction, fuel efficiency, cost, hygiene and safety. Air intake and 

exhaust port size have an enormous effect on the performance of the biomass cook stove. 

In this study, Chimney height and the air opening port of the stove was varied to 

optimize the performance of the biomass cook stove. Chimney in a cook stove serves to 

generate natural air draught that enables to supply air for combustion needs in the 

combustion chamber. The natural draught of the chimney must be adequate to overcome 

the flow of frictional obstacles as it flows in the stove channel. Sufficient air supply will 

create a better combustion process. The real combustion requires excess air to obtain 

sufficient amount of oxygen for better combustion process. However, too much excess 

air will produce useless excess heat, which will be absorbed by the inert gases then flow 

and discharged through the chimney into the environment. In addition, the chimney also 

serves to overcome the smoke pollution in the kitchen room where the stove is operated. 

The chimney will direct the flue gas out of the kitchen to the atmospheric air. This 

research aims to get optimal chimneys height for the biomass cook stove. The air 

opening port into the fire is another key parameter in our study. It is essential so that the 

hot air created by the fire can effectively transfer its heat into the cooking pot. Smaller 

openings into the fire help to reduce excess air. But it results in smoke and excess 

charcoal. Improving heat transfer to the pot is the most important factor that will reduce 

fuel use in a cooking stove. 

 

4.1 Performance Test of the Cook Stove 

Laboratory test were conducted in a controlled settings with repeatability to 

evaluate stove performance and quality, allowing for differentiation between stoves. For 

evaluating thermal performance of the cook stove, four test methods are available:   

• Water Boiling Test (WBT) 

• Controlled Cooking Test (CCT) 

• Kitchen Performance Test (KPT), and  

• Safety Test 

In this study, Water Boiling Test and safety test were conducted. 
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4.2Water Boiling Test (WBT) 

Water Boiling Test is a laboratory test that involves the investigation of the 

cooking stoves in a controlled environment in order to evaluate or reveal their technical 

performance. This method focuses on simulation of cooking practices by water boiling 

hence does not present the actual cooking conditions. WBT is very vital at the time of the 

design of the cook stoves. The process of testing involves three main stages, i.e.   

 Cold start high power phase: This stage involves raising the temperature of 
water from ambient temperature to boiling point from a cold start.  

 Hot start high power phase: This stage involves raising the temperature of 
water from ambient temperature to boiling point when the stove is already 
hot.   

 Low power simmering phase: This phase involves maintaining the boiling 
water at simmering temperatures i.e. about 2-3 degrees below the boiling 
point of water.  

 

 

 

 

 

 

Figure 4.1: Temperature during the three phases of the water boiling test 

The key parameters that can be investigated by WBT includes: thermal 

efficiency, combustion efficiency, fuel consumption, fuel burn rate and time to boil. 

These parameters measure the technical performance of stoves and vary from one stove 

to the other. 

In this thesis, Water boiling test method have conducted on the stove to 

determine the effect of air intake and chimney height. 
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4.2.1 Variables for High Power Phase (Cold Start) 

Variables that are measured 

 

mci = Mass of fuel before test (kg) 

mp,ci = Mass of pot of water before test kg) 

Tci = Water temperature at start of test (ºC) 

tc,i = Time at start of test (min) 

mcf = Mass of fuel after test (kg) 

Cc = Mass char with dish after test (kg) 

mp,cf = Mass of pot of water after test (kg) 

Tcf = Water temperature at end of test (ºC) 

tcf = Time at end of test (min) 

 

Variables that are calculated 

i.  Fuel consumed, moist (kg) 

mcm= mci-mcf 

ii.  Change in char during test (kg) 

∆Cc=Cc-k 

iii.  

                    
   (   (    )    (     (      )      ))             

   
 

Equivalent dry wood consumed (kg) 

iv.  Water vaporized (kg) 

Wcv=mp,ci-mp,cf 
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4.2.2Variables for High Power Phase (Hot Start) 

In this test, measurements and calculations are identical to the cold start test 

except that the char remaining is not extracted and weighed. Simply substitute the 

subscript „h‟ for the subscript „c‟ in each variable as in the table below. Char remaining 

is assumed to be the same as the char remaining from the “cold start” phase. 

 

 

 

 

 

v.  Effective mass of water boiled (kg) 

Wcr=mp,cf -mp 

vi.  Time to boil (min) 

∆tc=∆tcf-∆tcf 

vii.  

   
     (       )(        )          

       
 

Thermal efficiency (%) 

viii.  

                                                                   
   
   

 

Burning rate (grams/min) 

ix.  

    
   
   

 

Specific fuel consumption (grams wood/liter) 

x.  

    
       

      
 

Firepower (W) 
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Variables that are directly measured 

mhi = Mass of fuel before test (kg) 

mp,hi = Mass of pot of water before test kg) 

Thi = Water temperature at start of test (ºC) 

th,i = Time at start of test (min) 

mhf = Mass of fuel after test (kg) 

Ch = Mass char with dish after test (kg) 

mp,hf = Mass of pot of water after test (kg) 

Thf = Water temperature at end of test (ºC) 

thf = Time at end of test (min) 

 

Variables that are calculated 

i.  Fuel consumed, moist (kg) 

mhm=mhi– mhf 

ii.  Change in char during test (kg) 

∆Ch=Ch-k 

iii.  

    
   (   (    )    (     (      )      ))             

   
 

Equivalent dry wood consumed (kg) 

iv.  Water vaporized (kg) 

Whv=mp,hi-mp,hf 



 
 

24 
 

 

4.2.3 Variables for Low Power Phase (Simmering) 

In this test, the initial measurements are the same as in the high power tests, 

however the goal of this test is to maintain water at a high temperature with minimal 

power output from the stove. Since the goal differs, the interpretations of the calculations 

also differ from those of the high power phases.  

Variables that are directly measured 

msi = Mass of fuel before test (kg) 

mp,si = Mass of pot of water before test kg) 

tsi = Water temperature at start of test (ºC) 

v.  Effective mass of water boiled (kg) 

Whr=mp,hf -mp 

vi.  Time to boil (min) 

∆th=∆thf-∆thi 

vii.  

                                        
     (       )(        )          

       
 

Thermal efficiency (%) 

viii.  

                                                                
   
   

 

Burning rate (grams/min) 

ix.  

                                                          
   
   

 

Specific fuel consumption (grams wood/liter) 

x.  

                                                            
       

      
 

Firepower (W) 
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Ts,i = Time at start of test (min) 

msf = Mass of fuel after test (kg) 

Cs = Mass char with dish after test (kg) 

mp,sf = Mass of pot of water after test (kg) 

Tsf = Water temperature at end of test (ºC) 

tsf = Time at end of test (min) 

Variables that are calculated: 

i.  Fuel consumed, moist (kg) 

msm=msi– msf 

ii.  Change in char during test (kg) 

∆Cs=Cs-k 

iii.  

                                              
   (   (    )    (     (      )      ))             

   
 

Equivalent dry wood consumed (kg) 

iv.  Water vaporized (kg) 

Wsv=mp,si-mp,sf 

v.  Effective mass of water boiled (kg) 

Wsr=mp,sf -mp 

vi.  Time to boil (min) 

∆ts=∆tsf-∆tsi 

vii.  

                                     
     (       )(        )          

       
 

Thermal efficiency (%) 
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4.3 Flue Gas Analysis  

Flue gas analysis is part of a process 

intended to improve fuel economy, reduce 

undesirable exhaust emissions and improve the 

safety of fuel burning equipment. Flue gas 

analysis begins with the measurement of flue gas 

concentrations and gas temperature, and may 

include the measurement of draft pressure and 

soot level by using flue gas & emissions analyzer. 

To measure gas concentration, a probe is inserted 

into the exhaust flue and a gas sample drawn out. 

Exhaust gas temperature is measured using a 

thermocouple positioned to measure the highest 

exhaust gas temperature.  

Figure 4.2: Flue gas & emissions analyzer 

Once these measurements are made, the data is interpreted using calculated combustion 

parameters such as combustion efficiency and excess air.  

Flue gas analysis involves the measurement of gas concentrations, temperatures 

and emissions checks. Parameters that are commonly examined include:  

•Oxygen (O2)  

viii.  

                                                                 
   
   

 

Burning rate (grams/min) 

ix.  

                                                                
   
   

 

Specific fuel consumption (grams wood/liter) 

x.  

                                                            
       

      
 

Firepower (W) 
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•Carbon Monoxide (CO)  

•Carbon Dioxide (CO2)  

•Exhaust gas temperature  

•Supplied combustion air temperature  

•Draft  

4.4 Standard Safety Test (SST) 

The process of designing stoves should include evaluation of safety. In February, 

2012 the International Standards Organization (ISO) International Workshop Agreement 

(IWA) mapped the stove safety protocol to the tiers of performance. The Global Alliance 

for Clean Cook stoves is developing these guidelines and the stove safety entry form to 

facilitate conducting the stove safety protocol. The ten safety evaluation procedures for 

household biofuel cook stoves are outlined in the below: 

i. Sharp edges and points 

ii. Cook stove tipping 

iii. Containment of fuel 

iv. Obstructions near cooking surface 

v. Surface temperature 

vi. Heat transfer to the environment; 

vii. Handle temperature 

viii. Chimney shielding 

ix. Flames surrounding cook pot 

x. Flames exiting fuel chamber, canister, or pipes. 

 
4.5 Determining the Moisture Content of Wood 

Various methods for measuring the moisture content of wood are described by 

the American Society for Testing and Materials in publication ASTM D4442. These 

include two oven-dry methods, a distillation, and what the standard calls other methods. 

In this study, the oven-dry testis conducted to evaluate moisture content of wood.  
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The weight of the oven-dry wood does not include any water. It is the weight of 

the piece after it is oven-dry and all water has been removed. The weight of the water is 

the difference in the weight of the piece before and after drying.  

Therefore, when the test is done we use the following formula to calculate 

moisture content. 

Moisture Content =                                
               

 x 100%  

Equipment Needed 

A Saw, Oven, and weight measuring Scale. 

 

 

 

 

 

 

 

 

Figure 4.3: Determining the moisture content of wood 

 

 

Performing the Test 

The test is performed by cutting the sample to be tested, weighing it, drying it to 

a constant weight, reweighing, and doing the calculation. Now the details description are 

given below. 
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Sample Selection 

The samples need to be representative of the lot of wood from which they are 

taken. Thus, they should come from throughout a pile. After a board is chosen, the 

sample should be cut at least 2 feet from the end of the board because wood picks up and 

loses moisture very rapidly through the end grain. The samples should either be weighed 

immediately after cutting or each sample should be stored in a separate plastic bag. After 

the initial weight is obtained, no particular precautions for storage need to be observed 

and the sample can be oven-dried at your convenience.  

Weighing 

Either a data sheet with sample numbers should be used or sometimes the weight 

can be written directly on the sample. Once the initial weight is taken and the sample 

begins to dry, there is no going back so it's important to keep a good record. 

Drying 

The time to dry is typically about 2 hours for a one to two inch sample cut from 

dimension lumber or boards. The correct method is to dry to a constant weight, meaning 

that the weight change over a four-hour period is less than twice the sensitivity of the 

scale. This means less than about 0.2 grams for a 100 gram sample. Do not add wet 

samples to the oven when other samples are almost dry. Water will evaporate from the 

wet samples and be picked up by the drier ones causing an error when they are weighed 

due to a temporary increase in moisture content. 

Reweighing and Calculation 

After the drying process, reweighting the sample and calculate the moisture content as 

the rule mentioned above.  
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Chapter 5 
Results and Discussion 
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5.1 Performance of the Biomass Cook Stove for Different Chimney 

Height  

The performance of the biomass cook stove was tested for four different chimney 

height of 95 cm, 80 cm, 65 cm and 50 cm. Thermal efficiency, fuel burning rate, specific 

fuel consumption and fire power was calculated based on the measured parameter and 

using mathematical equations derived in chapter 4. The calculated performance of the 

cook stove for different chimney height is presented in the table below. 

Table 5.1: Set of performance data for different chimney height 

Chimney 

Height 

(cm) 

Mode 

Thermal 

efficiency 

(%) 

Burning 

rate 

(grams/min) 

Specific fuel 

consumption 

(grams 

wood/ liter) 

Firepower 

(kW) 

95 

Cold Start 31.72 10.57 197.93 2.99 

Hot Start 33.76 12.86 199.37 3.644 

Simmering 20.95 11.24 163.79 3.18 

80 

Cold Start 39.05 10.16 172.52 2.88 

Hot Start 41.79 12.20 183.00 4.46 

Simmering 31.53 11.34 164.70 3.49 

65 

Cold Start 34.13 7.05 174.71 2.43 

Hot Start 32.21 10.96 179.66 4.8 

Simmering 18.15 9.74 128.24 3.46 

50 

Cold Start 27.75 5.95 151.69 2.68 

Hot Start 29.19 9.99 170.55 4.53 

Simmering 19.93 10.64 128.63 3.29 

 

From Table 5.1, it can be seen that chimney height has a profound effect on performance 

of the biomass cook stove. Thermal efficiency for different chimney height and different 

taste phase of the biomass cook stove is presented in the Figure 5.1. This bar chart shows 

that, maximum thermal efficiency is obtained at hot start phase for each chimney height 

because of better utilization of heat from burning wood. Maximum thermal efficiency is 
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41.79% at 80 cm chimney height for hot start phase and minimum thermal efficiency is 

19.93% at 50 cm chimney height for simmering phase. 

 

Figure 5.1: Thermal Efficiency of Biomass Cook Stove for Different Chimney Height 

 

Burning rate is a general term used to describe the rate at which a given material is 

consumed by fire. In figure 5.2, it is seen that the burning rate is maximum as the 

chimney height increases. Maximum burning rate is 12.86 grams/min at 95 cm chimney 

height for hot start phase and minimum burning rate is 5.95 grams/min at 50 cm chimney 

height for cold start phase. 

 
 

Figure 5.2: Burning Rate of Biomass Cook Stove for Different Chimney Height 
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Figure 5.3 presents variation of specific fuel consumption with chimney height of the 

biomass cook stove for three different test phases. Specific fuel consumption is relative 

to burning rate. As the burning rate increases with chimney height, specific fuel 

consumption shows the similar trend in this biomass cook stove. Maximum specific fuel 

consumption is 199.37 grams wood/liter at 95 cm chimney height for hot start phase and 

minimum specific fuel consumption is 128.24 grams wood/liter at 65 cm chimney height 

for simmering phase. 

 
Figure 5.3: Specific Fuel Consumption of Biomass Cook Stove for Different Chimney 

Height 

 

Figure 5.4 presents variation of fire Power with respect to chimney height of the biomass 

cooking stove for three different test phases. From this bar chart, it is found that 

maximum fire power is 4.46 kW at 80 cm chimney height for hot start phase and 

minimum fire Power is 2.43 kW at 65 cm chimney height for cold start phase. 

 

 
Figure 5.4: Fire Power of Biomass Cook Stove for Different Chimney Height 
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Figure 5.5 presents thermal efficiency against different chimney height of the biomass 

cooking stove for three different test phases. These curves show that, highest thermal 

efficiency of the biomass cook stove obtains at 80 cm chimney height. It is obvious that, 

as the chimney height increases, more positive draft generated. For the most effective 

chimney height, this positive draft can help to attain maximum thermal efficiency. 

 

 
Figure 5.5: Thermal Efficiency of Biomass Cook Stove for Different Chimney Height 

 

Figure 5.6 presents variation of specific fuel consumption with respect to chimney height 

of the biomass cook stove for three different test phase. It is seen that, for hot start phase 

specific fuel consumption is maximum and for simmering phase specific fuel 

consumption is minimum. 

 

 

Figure 5.6: Specific Fuel Consumption of Biomass Cook Stove for Different Chimney 

Height 
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5.2 Draft Generated for Different Chimney Height 

As the chimney height increases, generated draft is increased. For the chimney 

height generated draft is calculated as presented in the table below: 

Table 5.2: Draft Generated for Different Chimney Height 

Chimney Height (cm) Generated Draft (∆P) (Pa) 

50 1.945 

65 2.84 

80 3.76 

95 4.975 

 

The general relationship between the chimney height drafts generated is illustrated in 

Figure 5.7. Chimneys operate on the principle that hot air rises because it is less dense 

than cold air. When a chimney is filled with hot gas that gas tends to rise because it is 

less dense than the air outside the house. The rising hot gas creates a pressure difference 

called draft which draws combustion air into the appliance and expels the exhaust gas 

outside. 

 

Figure 5.7: Draft Generated of Biomass Cook Stove for Different Chimney Height 
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5.3 Theoretical Air Requirements for Combustion of wood 

For a given fuel requires a given amount of air (oxygen) in order to be converted 

stoichiometrically. The fuel is converted stoichiometrically when the exact amount of 

oxygen is present. If more oxygen is introduced than an amount corresponding to be 

equal to 1, oxygen will be present in the flue gas. In practice, combustion will always 

take place at an excess air. In table 5.3, the typical excess air figures are shown together 

with the corresponding oxygen percentage in the flue gas. As shown in table 5.3, the 

excess air ratio for wood stove should be in between 2.1-2.3. 

 

Table 5.3: Typical excess air and the resulting oxygen content in the flue 
gas 

Condition 
Excess air 

ratio 

O2 

Dry (%) 

Fireplace 
open >3 >14 

Wood 
stove 2.1-2.3 11-12 

District heating 
forest chips 1.4-1.6 6-8 

District heating 
wood pellets 1.2-1.3 4-5 

CHP wood 
powder 1.1-1.2 2-3 
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5.4 Performance of the Biomass Cook Stove for Different Air Intake 

Port Opening 

The performance of the biomass cook stove was tested for four different Air Intake Port 

Opening of 40%, 60%, 80% and 100%. Thermal efficiency, fuel burning rate, specific 

fuel consumption and fire power was calculated based on the measured parameter and 

using mathematical equations derived in chapter 4. The calculated performance of the 

cook stove for different chimney height is presented in the table below. 

 

Table 5.4: Performance data for different air intake port opening 

Percentage 

opening of air 

intake port (%) 

Thermal 

efficiency 

(%) 

Burning 

rate 

(grams/min) 

Specific fuel 

consumption 

(grams wood/ liter) 

Firepower 

(kW) 

40 24 10.89 140 3.09 

60 32.64 09.92 93 2.81 

80 39.1 11.82 87.40 3.35 

100 28.22 10.40 101.5 2.95 

 

In table 5.4, results of water boiling test for different percentage opening of air intake 

port is tabulated. From the table, it can be seen that percentage opening of air intake port 

has effect on thermal efficiency, burning rate, specific fuel consumption and firepower. 

The difference in percentages opening of air intake port causes variation among the 

thermal efficiency, burning rate, Specific fuel consumption and firepower.  
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The general relationship between the thermal efficiency and burning rate with respect to 

percentages opening of air intake port is illustrated in Figure 5.8 and 5.9. From the 

figure, it is clear that both thermal efficiency and burning rate of the biomass cooking 

stove increases for 40%, 65% and 80% opening of air intake port. But for the fully 

opening of the air intake port the values slightly decreases for single phase test. As the 

percentage of air intake port opening increases due to more air entering into the 

combustion chamber, both thermal efficiency and burning rate increases. 

 

 
 

Figure 5.8: Thermal Efficiency of Biomass Cook Stove for Different Air Intake Port 

opening 

 

 
Figure 5.9: Burning Rate of Biomass Cook Stove for Different Air Intake Port Opening 
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From the figure 5.10, it is seen that specific fuel consumption is lowest for the 80% opening of 

the air intake port. Better combustion will occur when the proper amounts of fuel and air 

(fuel/air ratio) are mixed for the correct amount of time under the appropriate conditions of 

turbulence and temperature. It is obvious that better combustion occurs as the air level 

increases. 

 
Figure 5.10: Specific Fuel Consumption of Biomass Cook Stove for Different Air Intake Port 

Opening 

From figure 5.11, it is seen that fire power of the biomass cooking stove increases for 40%, 

65% and 80% opening of air intake port. But for the fully opening of the air intake port the fire 

power value slightly decreases for single phase test. 

 

 
Figure 5.11: Fire Power of Biomass Cook Stove for Different Air Intake Port Opening 
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5.5 Flue Gas Properties of the Biomass Cook Stove for Different 
Chimney Height 

Flue gas analysis is part of a process intended to improve fuel economy, reduce 

undesirable exhaust emissions and improve the safety of fuel burning equipment. Flue 

gas analysis involves the measurement of gas concentrations, temperatures and emissions 

checks. 

Table 5.5: Flue gas properties for different chimney height 

Chimney 

Height 

(cm) 

Flue Gas Properties 

Average flue 

gas 

temperature 

(ºC) 

Percentages of 

O2 in flue gas 

CO (ppm) Radiation Heat 
Loss (qradiation) 

(Watt) 

50 161 6.35 1672 12.06 

65 186 7.16 1907 15.29 

80 205.2 8.14 2154 19.497 

95 239.5 8.31 2201 26.88 
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The general relationship between the chimney height and the concentration of O2 and CO 

in the exhaust is illustrated in Figure 5.12 and 5.13. As the chimney height increases, the 

concentration of O2 and CO increases. At complete combustion, carbon dioxide (CO2) 

and water (H2O) are formed. An incorrect mixture of fuel, type of heating system, and 

introduction of air may result in an unsatisfactory utilization of the fuel and a consequent 

undesirable environmental effect. This ensures a low emission of carbon monoxide (CO), 

hydrocarbons, and a small amount of unburned carbon in the flue gas. 

 

Figure 5.12: Percentage of O2 of Flue Gas for Different Chimney Height 

 

Figure 5.13: CO (ppm) of Flue Gas for Different Chimney Height 
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The general relationship between the chimney height and flue gas temperature and 

radiation heat loss is illustrated in Figure 5.14 and 5.15. Radiation heat loss is 

proportional to surface area and the hot body temperature. As the surface area and the 

hot body temperature increases, radiation heat loss also increases which is not desirable. 

 
Figure 5.14: Flue Gas Temperature (ᵒC) for Different Chimney Height 

 

 
Figure 5.15: Radiation Heat Loss of Biomass Cook Stove for Different Chimney Height 
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5.6 Flue Gas Properties of the Biomass Cook Stove for Different 
Percentage of Air Intake Port Opening 

Properties of the flue gas plays an important role for the design and the 

operational optimization of biomass cook stove. In this study, a generic approach to 

determine the properties of the flue gas is outlined based on its composition estimation. 

 

Table 5.6: Flue gas properties for different air intake port opening 
(Chimney Height =80 cm) 

Percentages 
opening of 
air intake 
Port (%) 

Flue Gas Properties 

Average flue 
gas 

temperature 
(ºC) 

Percentages of 
O2 in flue gas 

 
CO (ppm) 

 
Radiation Heat 
Loss (qradiation) 

(Watt) 

40 189.9  8.35 2395 16.68 

60 194  8.16 2307 17.4 

80 205.2 6.1 2154 19.497 

100 207.5 5.3 1293 19.945 
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From the figure 5.16 and 5.17, it is clear that flue gas temperature of the biomass 

cooking stove increases and percentage of O2 decreases as the opening of air intake port 

increases. It is clear that as the air level is increased and approaches 100% of the 

theoretical air, percentage of O2 level in the flue gas decreases due to more complete 

combustion process with increased O2 level in the combustion chamber. 

 
Figure 5.16: Flue Gas Temperature of Biomass Cook Stove for Different Air Intake Port 

Opening 

 

 
 

Figure 5.17: Percentage of O2 of Biomass Cook Stove for Different Air Intake Port 

Opening 
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The general relationship between the percentage opening of air intake port and the 

concentration of CO in the exhaust is illustrated in Figure 5.18. As the air level is 

increased and approaches 100% of the theoretical air, the concentration of CO molecules 

decreases rapidly as they pick up additional oxygen atoms and form CO2. Still more 

combustion air and CO2 reaches a maximum value. After that, air begins to dilute the 

exhaust gases, causing the CO2 concentration to drop. 

 
 

Figure 5.18: CO (ppm) Curve of Flue Gas for Different Air Intake Port Opening 

 

 
 

Figure 5.19: Thermal Efficiency of Biomass Cook Stove for Different Flue Gas 

Temperature 

 

This graph shows relation between thermal efficiency and flue gas temperature. From the 

graph, it is clear that as the flue gas temperature increases with thermal efficiency 

decreases. 
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Radiant energy is emitted from all objects and does not become perceptible heat until 

absorbed on the surface of another object. It is a form of electromagnetic energy as is 

light, and they are both transmitted by wave-like action through air. It is seen that as the 

surface area and the hot body temperature increases, radiation heat loss for the biomass 

cook stove also increases which is not desirable. 

Figure 5.20: Radiation heat loss of Biomass Cook Stove for Variation in Air Intake Port 
Opening 
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5.7 Standard Safety Test (SST) 

 The process of designing stoves should include evaluation of safety. In February, 

2012 the International Standards Organization (ISO) International Workshop Agreement 

(IWA) mapped the stove safety protocol to the tiers of performance. The Global Alliance 

for Clean Cookstoves is developing these guidelines and the stove safety entry form to 

facilitate conducting the stove safety protocol. The entry form was designed to allow 

testers to input the required measurements.  

Guidelines for the safety evaluation procedures for household biofuel cookstoves are 

outlined below. 

 

Table 5.7: Safety test of biomass cook stove 

 Observations 

Sharp edges and points Sharp edges and points have not found. 

Cook stove tipping Cook stove orientation is stable enough to 

maintain an upright orientation when in 

operation. 

Containment of fuel Exposed areas that fuel can be seen is 188.49 

cm2.Less chances of having any accident. 

Obstructions near cooking 

surface 

 Areas surrounding the cooking surface is 
flat. 

 Handles used for removing the cooking 
surface during cook stove maintenance is 
perpendicular to the griddle. 

Chimney shielding Not done 

Flames surrounding cook pot Less 

Flames exiting fuel chamber or 

chimney 

Moderate 
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Chapter 6 
Conclusions and Recommendations 
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6.1 Conclusions 

 

The primary goal of this study is to determine effect of chimney height and air 

intake port opening on the performance of biomass cook stove. To realize this goal, this 

study was developed and carried out two objectives; to assess and compare indicators of 

improved stove performance in terms of chimney height and percentage opening of air 

intake port by conducting the water boiling test (WBT); and through the analysis of these 

results, determine the effect of these variables. 

i. The test results show that, the maximum thermal efficiency is obtained for 80 cm 

chimney height and 80% opening of air intake port. Reducing the chimney height 

(from 95 cm - 50 cm), reduced the thermal efficiency (from 33.76% - 29.19%) 

for hot start phase of WBT. For each chimney height, highest thermal efficiency 

is obtained at hot start phase of WBT. It is also seen that thermal efficiency 

decreases with flue gas temperature increases. Considering opening of air intake 

port, thermal efficiency of the biomass cooking stove increases for 40%, 65% and 

80% opening of air intake port. But for the fully opening of the air intake port the 

values slightly decreases for single phase test. 

ii. From the test result, it is found that specific fuel consumption increases with 

increased chimney height due to increased positive draft produced by chimney. 

Maximum Specific fuel consumption is 199.37grams wood/ liter for 95 cm 

chimney height and minimum specific fuel consumption is 128.63 grams wood/ 

liter for 50 cm chimney height. In case of air intake port consideration, specific 

fuel consumption is lowest for the 80% opening of the air intake port. Complete 

combustion will occur when the proper amounts of fuel and air (fuel/air ratio) are 

mixed for the correct amount of time under the appropriate conditions of 

turbulence and temperature. It is obvious that complete combustion occurs as the 

air level increases. 

iii. The test results show that, wood burning rate increases with increased chimney 

height due to increased positive draft produced by chimney. As the chimney 

height is increased, due to increased draft more air is inserted into the combustion 

chamber thereby more complete combustion occurs. Burning rate of the biomass 

cooking stove increases for 40%, 65% and 80% opening of air intake port.  
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iv. Fire power of the biomass cooking stove increases for both increased chimney 

height and increased air intake port opening. For chimney height 95 cm 

maximum fire power (3.64 kW) is obtained. It is also seen that for 40%, 65% and 

80% opening of air intake port, fire power increases. But for the fully opening of 

the air intake port the fire power value slightly decreases for single phase test. 

v. As the chimney height increases, the concentration of CO2 decreases and 

percentage of O2 level in the flue gas increases due to incomplete combustion 

process with increased draft produced by chimney. Flue gas temperature of the 

biomass cooking stove increases and percentage of O2 decreases as the opening 

of air intake port increases. It is clear that as the air level is increased and 

approaches 100% of the theoretical air, percentage of O2 level in the flue gas 

decreases due to more complete combustion process with increased O2 level in 

the combustion chamber. 

From the test results, considering both performance issues and health factor, it is 

found that most effective chimney height is 80 cm and the percentage of air intake port 

should be equal or more than 80% for this biomass cook stove. It is also found that 

thermal efficiency is shown to increase with increased chimney height and maximum 

opening of the air intake port. Based on the results obtained through tests, it has provided 

data and information that assists in designing the biomass cook stoves. The findings 

show that chimney height and the percentage opening of the air intake port are dominant 

parameters for the performance in biomass cook stoves.  

The results of this work confirm that chimney height and air intake port opening 

serve important functions within a stove system beyond ventilation of combustion 

products and feeding fuel to the combustion chamber. A proper chimney height and 

opening of the air intake port can alter the overall efficiency of a stove significantly, 

leading to large shifts in flue gas temperatures and thermal efficiency.  

In this work, the biomass cook stove was designed specifically for the rural 

people of the developing countries. The improved designed biomass cook stove 

significantly reduce harmful emissions and increase thermal efficiency. 
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6.2 Recommendations 

In future research, parameters crucial to cook stove performance such as combustion 

chamber analysis, fuel geometry, chimney diameter, mass flow and secondary/primary 

air flow rate etc. should be addressed. Further stove improvements concepts including 

cogeneration, secondary combustion and cook top rings need to be investigated. Future 

work includes investigating similar approaches toward understanding and reducing the 

production of particulate matter and increasing the performance of the stove. For that 

reason further development on biomass cook stoves efficiency is to recommend. While 

conducting this study, I encountered many future research opportunities pertaining to the 

biomass cook Stove design, performance, and dissemination. The observations are listed 

below:  

i. Thermal efficiency can be improved through installation of insulation. Using 

insulation may reduce heat loss which may improve biomass cook stove 

performance. 

 

ii. In addition to the chimney height and opening of air intake port, other parameters 

like- combustion chamber analysis, fuel geometry, chimney diameter, mass flow 

and secondary/primary air flow rate etc. can be modified to attain improved stove 

performance. 

 

iii. In this study, kitchen performance test (KPT) was not performed on the improved 

biomass cook stove stoves, due to time-limitations. This should be completed 

after the improvement has been made. 

 

iv. Electrical cogeneration was not incorporated into the stove design because of its 

high cost. However, it should not be disregarded as a stove improvement concept. 

Electrical cogeneration has the potential to provide electricity to the quarter of the 

world‟s population who are currently living without it. The costs will decrease 

with improvements in technology and cogeneration may be a more viable stove 

improvement technique in the future. 

v. More accurate measurement instrumentation may be used for more detailed 

performance study. 
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Sample Data 
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A.1 Sample Data of Biomass Cooking Stove for High Power Phase 

(Cold Start) 

Chimney Height (cm) 50 65 80 95 

i.  Mass of fuel before test (mci) (kg) 1.5 1.5 1.5 1.5 

ii.  
Mass of pot of water before test 

(mP,ci)(kg) 
2.55 2.6 2.7 2.55 

iii.  Water temperature at start of test (Tci)(ºC) 29 27 28 28 

iv.  Time at start of test (tci) 
12.01 

PM 

09.56 

AM 

11.16 

AM 

12.01 

PM 

v.  Mass of fuel after test (mcf)(kg) 0.8 0.72 0.89 0.8 

vi.  Mass char with dish after test (Cc)(kg) 0.434 0.4137 0.305 0.344 

vii.  Mass of pot of water after test (mP,cf)(kg) 2.49 2.51 2.57 2.4 

viii.  Water temperature at end of test (Tcf)(ºC) 91 94 96 94 

ix.  Time at end of test (tcf) 
10.02 

AM 

10.20 

AM 

11.28 

AM 

12.17 

PM 
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A.2 Sample Data of Biomass Cooking Stove for High Power Phase (Hot 

Start) 

Chimney Height (cm) 50 65 80 95 

i. Mass of fuel before test (mhi) (kg) 1.5 1.5 1.5 1.5 

ii. Mass of pot of water before test 

(mP,hi)  
2.79 2.65 2.74 2.62 

iii. Water temperature at start of test 

(Thi)(ºC) 
29 28 30 29 

iv. 
Time at start of test (thi)  

12.40 

PM 
01.13PM 

01.40 

PM 

01.17 

PM 

v. Mass of fuel after test (mhf) (kg) 0.72 kg 0.84 kg 0.82 kg 0.82 kg 

vi. Mass char with dish after test (Ch) 

(kg) 
0.256 kg 

0.1885 

kg 
0.291 kg 0.327 kg 

vii. Mass of pot of water after test (mP,hf) 

(kg) 
2.19 kg 2.05 kg 2.34 kg 2.44 kg 

viii

. 

Water temperature at end of test (Thf) 

(ºC) 
94ºC 96ºC 96ºC 95ºC 

ix. 
Time at end of test (thf)  

01.02 

PM 

01.33 

PM 

01.57 

PM 

01.29 

PM 
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A.3 Sample Data of Biomass Cooking Stove for High Power Phase 

(Simmering) 

Chimney Height (cm) 50 65 80 95 

i.  Mass of fuel before test (msi) (kg) 1.5 1.5 1.5 1.5 

ii.  
Mass of pot of water before test 

(mP,si)(kg) 
2.74 2.83 2.91 2.8 

iii.  
Water temperature at start of test (Tsi) 

(ºC) 
28 29 29 27 

iv.  Time at start of test (tsi)  
01.30 

PM 

11.53 

AM 

11.45 

AM 

12.30 

AM 

v.  Mass of fuel after test (msf)(kg) 0.47 0.54 0.21 0.3 

vi.  Mass char with dish after test (Cs)(kg) 0.254 0.338 0.39 0.45 

vii.  Mass of pot of water after test (mP,sf)(kg) 2.14 2.05 1.89 1.7 

viii.  
Water temperature at end of test (Tsf) 

(ºC) 
82 81 87 83 

ix.  Time at end of test (tsf)  
02.15 

PM 

01.40 

PM 

01.30 

PM 

01.15 

PM 
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A.4 Sample Data of Biomass Cooking Stove for Percentage of Air 

Opening Port 

Percentage of air opening port 

(Chimney height = 95 cm) 
40 60 80 100 

i.  Mass of fuel before test (mci) (kg) 1.5 1.5 1.5 1.5 

ii.  
Mass of pot of water before test 

(mP,ci)(kg) 

2.8 2.82 2.7 
2.5 

iii.  
Water temperature at start of test 

(Tci)(ºC) 
28 28 18 28 

iv.  Time at start of test (tci) 
09.05 

AM 

09.40 

AM 

10.15 

AM 

12.01 

PM 

v.  Mass of fuel after test (mcf)(kg) 1.1 0.82 1.1 0.8  

vi.  Mass char with dish after test (Cc)(kg) 01059 0.3171 0.3672 0.395 

vii.  
Mass of pot of water after test 

(mP,cf)(kg)  

2.63 2.71 2.51 
2.4  

viii.  
Water temperature at end of test (Tcf) 

(ºC) 
91 96 94 94 

ix.  Time at end of test (tcf)  
09.25 

AM 

09.57 

AM 

10.37 

AM 

12.17 

PM 
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Appendix B 

Sample Calculations 
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C.1 Sample Calculation on Determination of Moisture Content 

Date: 6th February, 2018 

Time: 11.42 pm – 12.15 am 

Sample Size = 8 cm × 5 cm × 2.2 cm 

Initial Weight, Wi = 69.742 gm 

Oven-dry Weight, Wf = 65.964 gm 

Moisture Content, MC =                                 
               

 × 100% 

   =      
  

       

   = (              )  
         

× 100% 

   = 5.727% 
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C.2 Sample Calculation of Biomass Cook Stove for 95 cm Chimney 

Height (at 100% air intake port opening) 

High Power Phase: Cold Start (for chimney height=95 cm) 

 

1. Mass of fuel before test, mci= 1.5 kg 

Mass of fuel after test, mcf= 0.8 kg 

Fuel consumed, mcm = mci- mcf= ( 1.5 – 0.8) kg 

                                              = 0.7 kg 

 

2. Mass char with dish after test, Cc= 0.464 kg 

Dish Weight, k = 0.12 kg 

Change in char during test, ∆Cc = Cc – k 

                                                    = (0.464 – 0.12) kg 

                                                    = 0.344 kg 

3. Lower Heating Value of Wood, LHV = 17×103 kj/kg 

Moisture Content, MC = 5.727% 

Local Boiling Temperature, Tb = 100ºC 

Ambient Temperature, Ta = 23.5ºC 

Equivalent wood consumed, 

    
   (   (    )   (     (      )     ))            

   
 

                                                           

=       (             (         )        (     (        )     ))                      
             

 

= 0.14797 kg 

 

4. Mass of pot of water before test, mP,ci =2.55 kg 

Mass of pot of water after test, mP,cf  = 2.4 kg 

Water vaporized, Wcv =P1ci-P1cf 

=(2.55-2.4) kg 

                                     = 0.15 kg 

5. Mass of Pot, mP= 0.889 kg 
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Effective mass of water Boiled, Wcr= (2.55-0.889) kg 

                                                          = 1.661 kg 

 

 

6. Time at start of test, tci = 12.01 PM 

Time at end of test, tcf = 12.17 PM 

Time to Boil, ∆tc = 14 minutes 

 

 

7. Water temperature at start of test, Tci = 28ºC 

Water temperature at end of test, Tcf = 94ºC 

Thermal efficiency (%),        (        )(        )         

       
 

                                             =      (         )(              )          
                     

 

                                             = 0.3172 

                                             = 31.72% 

 

8. Burning Rate,    
   

   
 

                           =           
      

 

                           = 10.57 gram/min 

 

9. Specific fuel consumption,        

   
 

                                                     =           
        

 

                                                     = 89.08 grams wood/liter 

 

10. Fire power,            

      
 

                            =                         
     

 

                        = 2.99 kw 
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C.3 Sample Calculation on Determination of Generated Draft for 

Different Chimney Height 

Here, 

Chimney Height, hc = 50 cm 

Density of Air, ρambient = 1.293kg/m3 

Gravitational Acceleration, g = 9.8 ms-2 

Ambient Temperature, Tambient = 301 K 

Flue Gas Temperature, Thot = 434 K 

Natural Draft Generated, ΔP = g×hc× ρambient× [1-         
    

] 

    = 9.8×0.5×1.295× [1-   
   

] 

    = 1.945 Pa 
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C.4 Sample Calculation on Determination of Radiation Heat Loss of 

Biomass Cook Stove 

Here, 

Chimney Height, hc = 50 cm 

Stefan Boltzmann Constant, σ =5.67×10-8 W/m2×K4 

Emissivity, ɛ = 0.26 (For mild Steel) 

Surface Area of Chimney, Ac = 0.31 m2 

Surrounding Temperature, Tc =301 K 

Flue Gas Temperature, Th= 434 K 

Radiation Heat Loss, qradiation = ɛ× σ× (   -   ) ×Ac 

       = 12.06 Watt 

 

 

 


